General Methods. All reactions were carried out under a nitrogen atmosphere. All reagents were purchased from Sigma-Aldrich, TCI and Alfa Aesar. 1 H and 13 C NMR spectra were recorded on a Bruker 400 MHz AVIII HD spectrometer. Mass spectra were recorded on a JEOL JMS-SX102A instrument. The absorption and photoluminescence spectra were recorded on a Perkin-Elmer Lambda 950S UV/VIS/NIR spectrometer and a Perkin LS-55 fluorescence spectrometer, respectively.
Electrochemical characterization. Cyclic voltammetry and differential pulse voltammetry
were carried out with a SP-200 (BioLogie Company). A three electrode system was used and consisted of glassy carbon working electrode, platinum (diam. 1.0 mm, 99.9 % trace metals basis, Sigma-Aldrich) wire counter and reference electrodes were used with ferrocene as an internal standard. Redox potential of dyes was measured in CH 2 Cl 2 with 0.1 M (n-C 4 H 9 ) 4 N-PF 6 as a scan rate of 50 mV s -1 (vs. Fc/Fc + as an external reference).
Cell fabrication. Conductive FTO glass (NSG10) was sequentially cleaned by sonication in a 2 % Helmanex solution and isopropanol for 15 min each, followed by a 10 min UV-ozone treatment. A 30 nm titania blocking layer was applied on the substrates by spraying a solution of titanium diisopropoxide bis(acetylacetonate) in ethanol at 450 degree. For the 150 nm mesoporous TiO 2 layer, 30 NR-D titania paste from Dyesol diluted in ethanol (150mg/ml) was applied by spin-coating at 4000 rpm for 10s followed by a sintering step at 450 degree for 30 min. The perovskite layers were fabricated by a single step spin-coating procedure reported by Soek et al. For the perovskite precursor solution 507 mg of PbI 2 (1.1mmol) and 159 mg (1mmol) of CH 3 NH 3 I were dissolved in 800 µl DMSO. The perovskite solution was spun at 4000 rpm for 30s using a ramp of 2000rpms -1 . 10s prior to the end of the spin-coating sequence 100 µl chlorobenzene were poured onto the spinning substrate. Afterwards the substrates were transferred onto a heating plate and annealed at 100 degree for 1h. The hole-transporting materials were applied from a 50mM solution in tetrachloroethane for PEH-9 and from a 20 mM solution in chlorobenzene for PEH-3 and PEH-8 respectively. Tert-butylpyridine (Tbp), 
Computational methods
The geometry optimizations for the ground and charged states were performed by density functional theory (DFT) at the B3LYP/6-31G* level. The frontier molecular orbitals of the molecules for the PEH derivatives were calculated with an isovalue of 0.025 obtained by DFT at the B3LYP/6-31G* level. All the DFT calculations were carried out with the Gaussian 09 package 2.
Hole Mobility Measurement
For the hole mobility measurement, solutions of HTMs with molar concentration of 70mM in chlorobenzene was prepared (doped with 3 mol % FK-209). The solution was spin-coated onto the OFET substrate (Fraunhofer IPMS) at 4000 rpm for 20 s. The mobility measurement was done on a 2.5µm channel (by length). The channel width was 10mm and the channel height was 40nm. The data were recorded with a Keithley 2612A by sweeping from -10 to 10 V (Source-drain voltage) at a scan rate of 1 V s -1 . Figure S3 . Mobility measurements on OFET substrates of the HTMs.
X-ray crystallographic analysis
The diffraction data of PEH series were measured at low temperature [100(2) K]
using Mo radiation on a Bruker APEX II CCD diffractometer equipped with a kappa geometry goniometer. The dataset was reduced by EvalCCD and then corrected for absorption. The crystal structure was solved and refined by SHELX. The crystal structure was refined using full-matrix least-squares based on F 2 with all non-hydrogen atoms anisotropically defined. Hydrogen atoms were placed in calculated positions by means of the "riding" model. 
Photoluminescence Experiment
The time-resolved PL experiments were performed with a spectrophotometer (Gilden Photonics) using a pulsed source at 460 nm (Ps diode lasers BDS-SM, pulse with < 100 ps, 
